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Proton bunch-by-bunch tunes
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1.7 GHz Schottky, end of store DTM data, beginning of store

the Schottky detector was gated 
on tree bunches in three trains at 
a time, e.g. 1,13,25 or 12,24,36 

The Digital Tune Monitor is being 
commissioned. Additional beam 
excitation was necessary to 
measure the tunes.   
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Non-luminous losses in the Tevatron

AntiprotonsAntiprotons 980 GeV ProtonsProtons 980 GeV

At present, beam-beam effects are stronger on protons, accounting for 10-15% loss
of the integrated luminosity. Proton loss rates vary greatly from bunch to bunch. 

Conclusion: TELs should compensate protons.

Example of a Example of a TevatronTevatron storestore



V. Kamerdzhiev for BBC team

Single bunch BBC (P12)
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τ improvement vs time in store
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Single bunch BBC

Decrease of bunch intensity as reported by T:SBDPIS for the 
first 1.5 hours of a store. TEL2 was acting on proton bunch 
#12, Je

pk = 0.3 A. Scale: 0 – -18e9 protons.

TEL2 acts on proton bunch #12
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Increase of Luminosity Lifetime 

TEL onon:

dQ=0.001

Effects 
~comparable
except TEL
can affect 
individual 
bunches
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TEL2 in dc mode
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TEL1 on P13
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Summary

� The 2nd Tevatron Electron Lens (vertical) ~doubled 
proton intensity lifetime of the bunch it was acting on

� Agreement with simulations

� The 1st Tevatron Electron Lens (horizontal) improved 
proton intensity lifetime by 20-60% 

� TELs improve luminosity lifetime as well

� BBCompensation helps for ~10 hrs in HEP stores

� Will continue experimental and simulation studies and
introduce in operation
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Technological aspects of Electron 
Lenses, errors and control 
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Summary

� The e-beam quality in both TELs reached the level 
that made  reproducible demonstration of beam-beam 
compensation possible.

� Generating dc e-beam does not appear very 
challenging, however generating pulsed beam 
(individual compensation of all bunches) does.  

� Though the voltage itself is not a challenge – short 
rise time and high rep rate requirements make the 
development of the e-gun driver very challenging.

� The solid state Marx generator proved to be a reliable 
electron gun driver (with radiation shielding installed). 
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Plans

• Study the effect of electron beam size on protons (lifetime, halo, 
Schottky) in both TELs

• Use both TELs simultaneously for BBCompensation in dc and pulsed 
mode

• Head-on compensation with Gaussian electron beam profiles (dc or 
pulsed)

• Further reduce e-beam noise and ripple

• Simulate the effects of e-beam noise, ripple on beam lifetime and 
emittance growth (Lifetrac)

• Upgrade HV pulse generators (second generation Marx and solid-state 
modulator based on a summed pulse transformer scheme), � multi-bunch 
BBCompensation

• Install gaussian electron guns and perform head-on compensation 
studies (dc or pulsed) 

• Improve position measurement
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Effect of TEL on Proton Spectrum
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Final summary
• Tevatron

– both TELs are operational, we are in a unique position 
to provide experience to RHIC and LHC

– tune shift compensation has been demonstrated for 980 
GeV protons resulting in ~100% lifetime improvement.

• RHIC
– a team of 8 physicists was set up recently with a goal to 

perform the EL feasibility study, to understand the 
benefits (tune spread reduction, lifetime improvement, 
emittance growth suppression) and challenges

– decision whether to built EL or not is due August 2008
– preliminary simulation results were presented at the 

workshop
• LHC

– CERN is exploring the possibility of using ELs in the 
LHC for head-on and long-range compensation


